Three new plant growth regulatory sesquiterpenoids were isolated from the Lactarius repraesentaneus fungus. Their structures were elucidated to be a protoilludene sesquiterpene, namely repraesentin A (1), and two related sesquiterpenes, namely repraesentins B (2) and C (3). Compounds 1-3 showed promotion activities toward the radicle elongation of lettuce seedlings by 136%, 118% and 184% at 67 ppm, respectively.
During the course of searching for plant growth regulators from the Russulaceae fungi, 1, 2) we found that the methanolic extract of Lactarius repraesentaneus Britz. (Murasaki-irogawarihatu in Japanese) showed promotion activity toward the radicle elongation of lettuce seedlings. This fungus, occurring in coniferous forest in the mountainous regions of Japan, is not an edible mushroom because of its bitter taste. Bioassay-guided puriˆcation of the active components from the methanolic extract of L. repraesentaneus led to the isolation of three compounds, namely repraesentins A (1), B (2) and C (3) . In the present paper, we describe the structural elucidation and plant growth regulatory activities of 1-3.
The HREIMS data indicated that the molecular formula of 1 was C15H24O (m W z: calcd., 220.1827; found, 220.1845) with four unsaturations. The IR spectrum of 1 suggested the presence of a hydroxyl group from the absorption bands at 3340 and 1030 cm -1 . The 1 H-NMR spectrum showed signals assignable to a hydroxymethyl (dH 3.45), a vinyl methyl (d H 1.57), and two quaternary methyl (d H 0.99 and 1.07) groups (Table 1 ). The 13 C-NMR spectrum of 1 showed the presence of a four-substituted double bond (dC 123.0 and 141.6). These spectral data indicate that 1 comprised a tricyclic structure with a hydroxyl group and a double bond. The H-H correlation from the COSY spectrum of 1 showed the partial structure of a 2-methylbutane moiety and an ethane moiety (Fig. 1a) . The HMBC spectrum of 1 showed that this 2-methylbutane moiety was attached to the 1-hydroxypropane at C-11 and to the 2-pentene at C-3 and C-7, indicating the presence of aˆve-and six-membered ring. The ethane moiety was attached to the 2-pentene at C-3 and C-6, giving a tricyclic structure consisting of four-, six-andˆve-membered rings. NOE correlations between H-2 and H-14, and H-9 and H-14 indicated the cis conˆgura-tion between C-2 and C-9 (Fig. 1b) . The relative con- No. guration at C-3 was elucidated to be a-CH3, based on NOEs between H3-12 and H-1a, H3-12 and H-4a, and H3-12 and H-8a. The structure of 1 is similar to that of 6-protoilludene (4), which had been isolated from the two species of basidiomycetes, Fomitopsis insularis and Omphalotus olearius. 3, 4) Compound 4 of natural origin was presumed to possess the (2S, 3R, 9S )-conˆguration based on the results of a biosynthetic study. 4) Compound 1 is probably an oxygenated metabolite of 4, suggesting that the absolute stereochemistry of 1 would be (2S, 3R, 9S ), the same as that of 4.
Compound 2 had a molecular ion peak at m W z 236.1774 in the HREIMS data, suggesting a molecular formula of C 15 H 24 O 2 (calcd., 236.1776) with four unsaturations. The 13 C-NMR and HMQC spectra of 2 indicated the presence of a ketone group (dC 222.3). The COSY spectrum of 2 showed the same partial structures as that of 1 (Fig. 1c) , but the HMBC spectrum showed that the 2-methylbutane moiety was attached to a 3-pentanone, instead of a 2-pentene, at C-3 and C-7. The ethane moiety was also attached to the 3-pentanone at C-3 and C-7, giving a tricyclic structure consisting ofˆve-, six-andˆve-membered rings. NOE correlations showed the relative conˆgu-rations of 2 at C-2, C-3 and C-9 were similar to those of 1 (Fig. 1d) . NOEs between H3-13 and H-5a, and H3-13 and H-8a indicated that the relative conˆgura-tion at C-7 was a-CH3. Compound 2 is a derivative of cerapicol (5), which had been isolated from an agar culture of the ascomycete, Ceratocystis piceae.
5) The putative biosynthetic pathway from 1 to 2 involves oxygenation of the C＝C bond, cleavage of the epoxide by the addition of a proton, and subsequent rearrangement from the tricyclo [6.3.0.0 2,5 ]undecane to tricyclo [6.2.1.0 2,6 ]undecane. 6) Compound 3 was similar to 2 in the 1 H-and 13 C-NMR spectra (Table 1) , except for the presence of a carboxyl group (dC 182.8) and a secondary hydroxyl group (d C 72.2), and the absence of the primary hydroxyl group. The IR spectrum supported the presence of a carboxyl group (nmax 3600-2500 cm -1 ). The molecular formula of 3, C15H22O4, was assigned by HREIMS data of m W z 266.1530 (calcd. as 266.1518). Compound 3 was conˆrmed to be a derivative of 2 on the basis of the 2D-NMR spectra, possessing a carboxylic group instead of a hydroxymethyl group at C-11, and a hydroxyl group at C-5. The relative conˆguration at C-5 was determined to be b-OH from NOESY spectrum of 3, in which NOEs between H-5a and H-4a, and H-5a and H3-13 were observed.
We examined the activities of 1-3 against the radicle elongation of lettuce seedlings. Compounds 1-3 showed promotion activity of 136z, 118z and 184z at 67 ppm, respectively. At concentrations between 67 ppm and 3.3 ppm, 3 exhibited its maximum activity of 216z at 33 ppm, the activity slightly decreasing to 188z at 3.3 ppm, suggesting the potential of 3 as a new plant growth regulatory compound. Compound 1 showed a maximum activity of 143z at 33 ppm, the activity decreasing to 116z at 3.3 ppm. Several bioactive compounds having inhibitory activity toward DNA, RNA and protein synthesis, 7) and insect antifeedant and cytotoxic activities 8) have been isolated from Lactarius species. However, the present paper reports for theˆrst time the bioactive compounds from L. repraesentaneus.
Experimental
General. The following instruments were used: a Bruker DRX500 FT-NMR spectrometer for the 1 Hand 13 C-NMR spectra (using TMS as an internal standard), a Jeol JMS 700 mass spectrometer for the mass spectra, a Jasco IR-810S spectrometer for the IR spectra, and a Jasco DIP-1000 polarimeter for the optical rotation. Column chromatography was carried out on silica gel (100 mesh; Kanto Kagaku).
Lettuce seedling assay. Lettuce seeds (Lectuca sativa L. cv. King crown; Sakata Seed Co.) were allowed to germinate in an illuminated chamber (2000 lux) on wetˆlter paper for 30 h at 239 C, and the resulting germinated seeds were used for the assay. Filter paper was placed in a Petri dish (5.5 cm diameter), and a MeOH solution of each test compound was added. After removing the MeOH under reduced pressure, 3 ml of the Hoagland-Arnon medium (KNO3, 1057 mg; Ca(NO3)2 ・4H 2 O, 945 mg; MgSO4 ・ 7H2O, 493 mg; NH4H2PO4, 115 mg; EDTA-Fe, 22.6 mg; H3BO3, 2.9 mg; MnCl2 ・4H 2 O, 1.8 mg; ZnSO 4 ・7H 2 O, 0.22 mg; CuSO 4 ・5H 2 O, 0.08 mg; (NH4)6Mo7O24 ・4H 2 O, 0.04 mg; in 1 liter of distilled water at pH 6.0) was added. Twelve seedlings were put on theˆlter paper in the Petri dish. The seedlings were grown in the illuminated chamber (2000 lux) at 239 C for 72 h, and the elongation of the radicle was then measured. The elongation ratio is deˆned as (A W B )×100z, where A is the mean elongation length of the radicle in the presence of the test compound, and B is the mean elongation length of the radicle in the absence of the test compound (control).
Isolation of 1-3. Fresh fruiting bodies of L. repraesentaneus (940 g), which had been collected in Nagano in September 1997, were extracted with MeOH (3 l) at room temperature. The extract was evaporated in vacuo, and the resulting aqueous solution (200 ml) was extracted with EtOAc (100 ml×3). The organic layer was extracted with saturated aqueous NaHCO3 (150 ml×2) and then with 2 N NaOH (150 ml×3). The resulting organic layer was washed with water, dried over anhydrous Na2SO4,ˆltered, and concentrated to dryness, giving a neutral fraction (1.55 g). The aqueous layer extracted with 2 N NaOH
